!'_ 6I0T THIEU MON HOC



1. Muc ti€u mon hoc: Gido trinh
“Md hinh héa moi tru’dng cung cap

cac ki€n thdc c¢s ban trong mo hinh
hoa mod1 trudng. Gido trinh nay dugc
trang b1 cho sinh vién cling nhu hoc

vién cao hoc nganh moi trudng sau khi
da dugc hoc cac glao trinh ¢d sG nhu
todn cao cap, todn Wng dung trong moi
trudng, cd luu chat.




= Kém theo c6 02 phin mém thuc hanh md
i hinh héa moi trudng .

= Phin mém tht nh4t bao gdbm tinh todn cic
161 ghi giai tich cua gido trinh trén, giai bai
todn thiy luc mot chi€u bing phuong trinh
s6, baitodn lan truyén chat bing cdc so do
tinh khiac nhau va so sanh v4i nghiém giai
tich, ciing v4i mot so tién ich khdc nhau
nhu d6 thi, in an, ...



= Phin mém tht hai gdm cdc ndi dung tinh
todn 6 nhiém khong khi d61 v6i mot ngudn
diém cao, nhi€u ngudn di€m, tinh todn cic
thong so khi twgng phuc vu md hinh,...



+

2. Thoi gian hoc: gom 30 ti€t 1y thuyé&t va 15 tié&
thuc hanh trén may tinh.
3. Noi dung mén hoc: gom 8 chuong va 2
phan mém.
4. Kiém tra: Thi van dap va trén may tinh.



m (]

nuong 1. MG PAU

a Chuong II. PONG HOC PHAN UNG
| H—PHUGNG TRINH CAN BANG

KHOI LUGNG

m (]

hwong IV. HE TAC PONG TIEN

m (]

wong V. HE TAC PONG LUI

m (]

wong VI. SU PHAN TAN

m (]

wong VII.LOI GIAI GIAI TICH CHO

MOT SO TRUGNG HOP

a Chuong VIIL. O NHIEM KHONG KHi




:thai tro, y nghia mo hinh hoa mo1 truéng:

Phan tich hi€én trang.

P4nh gid xu huéng bi€n doi cia moi trudng.
banh gia tac dong mo1 truéng DTM.

Cac budc xay dung mo hinh hoa.

vV V V V

Mot s6 khdi niém co ban.
Té4c nhin dong nhit (hé s6 dong nhat).

2.
3.
4. Nguyén 1y bdo toan va cian bang khoi lugng.




1.Dong hoc phan Ung.
.Phan ttng bac 0, 1, 2, bac n.
> Phan trng bac 0.

> Phan tng bac 1.

> Phan trng bac 2.

> Phan trng bac n.

> Phén tich s0 liéu xdc dinh tdc d0 phdn tng.
Phudng phap tich phan.

Phudng phap vi phan.

Phuong phdp gid tri dau.

Phuong phap ban phan ra.

Cac phu’dng phap khac.
. Anh hudng cua nhiét do.




1.Phuong trinh cdn bing khoi luong cho hé tron tot

> Su bi€n do6i vat chat.
C4c nguodn tai nap.
Dong ra.

> Phan tng.

> Liang dong.

2.Loi gidi cho hé 6n dinh

> Him chuyén d6i va thdi gian ton tai.
Ham s6 chuyén doi.
Thoi gian tOn tai.

> Su bié€n ddi chat 6 nhiém theo thdi gian.



3.Nghiém

riéng

> Taina
> Taina
> Taina
> Taina

D Xung.

0 bac thang.
b tuy€n tinh.
D mu.

> Taina

0 hinh sin.

> Nghiém tong cong.
» Chuoi Fourie.




+

1. Phuong trinh can biang khoi lugng.

2. Hé khong 6n dinh.

3. Cdc phdn @ng cua hé tién.




il. Phuong trinh can bing khoi lugng.

2. P6i véi hé nhiéu 10.
3. Su bi€n ddi theo thdi gian.
4. Cac phan tng thuin nghich

> HE dong.
> HE mg.




+

2. Dinh luat thit nhit ctia Fick.

1. Su chuyén tdi va phan tan.

3. Md hinh vinh — hd.




1.Hé 6n dinh

- Dong chdy tang.

i > Trudng hgp ly tudng.

> S0 sanh g1u’a mo hinh 10 trOn tot va trudng hgp
dong chay tang.

> Qu4 trinh chuyén tdi va khuéch tdn.

> Mot s6 tng dung ctia dong chdy ting cho song
suoi.

> MOt sO tng dung cho viing ctta song doi véi mo
hinh 10 tron tot.

2.Hé khong 6n dinh
> Khi khong ¢6 khuéch tan roi.
> Cac mo hinh lan tda.

3.Mot s6 cOng thirc 4p dung.




Phuong trinh cd ban.

liléhu’dng trinh lan truyén 6 nhi€ém khong khi

Pon gidn héa phuong trinh lan truyén.
> Nghiém giai tich.
2. Phuong phap GAUSS.
» COng thifc co s4.

> Su bi€n dang moO hinh GAUSS (doi goc toa dg, tinh
dén su phan xa ndng dd) cu’c dai chat o nh1em

> Hé s6 khuyé&ch tdn va do On dinh khi quyén.
3. Cac cong thiac phu trg.

> Chiéu cao hiéu qud dng khoi.

> Quaé trinh ling dong.
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4. Phuong phap Berliand M.E.

iNf)ng dd chat 6 nhi€ém do1 v4i khi va bui nhe.
ong d0 chat o nhi€m do1 vGi1 bul ndng.

> COng thdc tinh vin tdc gié theo dd cao.
> Nong d6 chat 6 nhiém trong di€u kién khong gid.

5. Nong do chat 6 nhiém do nhi€u ngudn thai giy ra

> Tan suit gid, hé so trung binh.

> Tinh todn n6ng dod chat 6 nhiém theo tan suit gié.

> Tinh toan nong do tuong doi tong cong do nhiéu
ngudn di€m cao gay ra.
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Chuong 1:

MO DAU



[. Vai tro, y nghia m6 hinh héa mo1 truéng:
Phan tich hi€n trang.
P4nh gid xu huéng bi€n d6i cda modi trudng.
banh gia tac ddng md1 trudng DTM.
Cac buGc xay dung mod hinh hoa.

I1. Mot s6 khdi niém co ban.
[1I. Tdc nhan dong nhat (hé sd dong nhat).
[V. Nguyén 1y bdo toan va cin bing khoi lugng.



I. Vai tro, y nghia mo hinh hoa méi truong

e Phin tich hién trang : du dodn cé co s& vé
chi't lugng moi trudng mot ciach lién tuc vé
khong gian va thdi gian

e P4nh gid xu hudng bién doi cia moi trudng:

e xuly n}(f)t lugng thong tin 16n trong thGi1 gian
cuc ngan,

e thong tin dau ra 12 nhitng thong s6 moi trudng
bi€n ddi theo thdi gian vira mang tinh dinh
tinh vira mang tinh dinh lugng mdt cach chinh
X4ac.

* Panh gia tac dong mo1 truéng: dinh lugng
héa nhitng tdc dong mot cach cu thé hon.



I.2. Cac budc xay dung mo hinh hoa

/

Pau

Moi Truong

»
>

Paura



- Du 4n KTXH

- Hoat dOng sx

- Hoat dong khai théac
tai nguyén

Cap phép dau tu
Cho phép hoat dong

Quan tric tdng thé hién
trang moi truéng

_______________

Cac xem
xét khac

Yy

Quan tric c6 ndi
» 2
dung, muc dich cu thé

_|thGng tin md1 trudng.

Y

Xem x€t phan tich

Tac dong quan ly
(chuong trinh quén 1y)

_____________________________

- Khong cap phép dau tu
- Tac dong phap ly
- Loai bo

quan Iy moi trudng.

A
1

-————

-———

-—— >

- Buc tranh mo1 truGng toan
canh.

- X4c dinh van dé?

- Nguyén nhian 6 nhiém Moi

truong?

- Tinh ch4t 6 nhi€m ntn?

- Mtic @6 anh huéng?

- Xem xét dién bi€n xu huéng
- Pénh gid tac dong

- P4nh ¢id rui ro

- X4c dinh d6i tugng tdc dong.
- C4ch thuc tac dong

- Thi€t k€ chuong trinh quan
ly
- Lap k& hoach thuc hién

- Thu nhin két qua phdn hoi

Hinh I-1: So d6 kh6i mo t4 ciu tric cia hé thong
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S6 liéu dau vao vé:
C4c thong so tinh todn.
UGc lugng, cong suit, tai lugng

S6 liéu dau vao vé:
Bi€n moi trudng
Thong s do dac

A

Xem xét phan tich thong

Phan mém + Phan ciing

¥+

*Thong tin dinh tinh, dinh lugng.
*Pham vi anh hudng: dién tich,vi

tin mo1 trudng.
“Nhi thé nao”

Mo hinh

ZN

=Tinh chit 6 nhiém ntn?
»Miic dd anh hudng?
=Xem xét dién bi€n xu
hudng

*DPénh gid tac dong
»DPanh gid rii ro

*Thong tin mang tinh dinh tinh,
»Thi€u tinh cu thé.

tri..thé hién bing ban dd.

*D3i tugng bi tdc ddong: mitc do tdc
dong vao tirng ddi tugng cu thé.
=Dié&n bi€n lan truyén, bi€n doi
theo khong gian va thdi gian.

=X4c dinh nhitng rdi ro cu thé : cu
thé€ héa nhirng rii ro, uc lugng
dudc tan xuit mot ciac chinh xac
han. Né tranh dirde mii ro

ags

Gidi phap quin Iy cu thé, hdoan
thién, hiéu qua

Hinh 1.2: So d6 khdi md
td ciu tric cia MMH va
so sanh vG1 phén tich
dinh tinh

»Khong c6 dudc su ¢d sG viing
chic cho nhitng phan tich sdu( vé
lan truyén, bi€n d6i, pham vi mic
do tac dong.

Il

Céc gidi phap quin 1y con han ché
vé su hiéu qua




S6 d6 qud trinh qudn 1y ngudn nudc:

Khu vue
14y nude

Nguon tai

trong W

F Y

>

Nudc sit dung
dat véu cau

Nong dé dat Cg

¥
Nong dé C
M5 hinh chi < Cc<cy
Iudng murde
Ki€mtra

Yes

—



[.3. Mot s khdi niém co ban:

e _ Khoi lugng: luong chit thdi trong hé dugc

mo td bing khoi lugng cta chung.

e _ Nong do: m

C=—

”

C: Nong do[ML

em: khoi lugng [M
*V: Thé tich [L?]




Mot vai gia tri cia cdc yéu to chit lugng nudce
véi don vi do ludng cd ban:

e S %o %0] < [g/l] < [kg/m’] < [ppt]
DO, BOD, NO, [mg/l] < [g/m’] < [ppm]
* PO,,Chla, Toxics [ug/l] < [mg/m’] < [ppb]

e Toxic [ng/l] < [ug/m?] < [pptr]



Pinh nghia tai lu’(jng,Q lru lugng ya thégc; lugng

= =F

Tai lugng W=Q.C (1.2) Luu lugng Q=A_U (1.3)

U
—
Thong lugng J=U.C (1.4)

Thong lugng 1a khoi lugng trén mot don vi dién tich trong
mot don vi thd1 gian:

W
g="" _
tA A
W: tdi lugng [M/T]. U: van téc [L/T].
C: ndng do [M/L°]. t: thdi gian [T].

Q: lvu lugng [LYT]. A dién tich mit cit [L2]."°



1.4. Tdc nhdan dong nhét (hé sé dong nhdt)

e MOoi lién hé gitra tdi lugng va ndng dd, phu
thudc moi lién hé gitta cdc qud trinh vat 1y, hod
hoc, sinh hoc.

e C=1(W, vat ly, hoa hoc, sinh hoc, ...)

e Dang tuyén tinh:

1
C==W
da

a: mOt nhan t6 (tdc nhan dong nhit) dic trung cho
cac qua trinh vat 1y, hoa hoc, sinh hoc.
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L.5. Nguyén ly bdo toan va cdn bang khoi luong:

*Phucng trinh cin bing khoi lugng.
Su tich tu = su tdinap + lan truyén = phdn d¢ng.

*TAt cd bi€n doi vat chit xdy ra trong gidi han cua
hé va xay ra bén trong hé
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CHUGONG 2

PONG HOC PHAN UNG



[. BOng hoc phan tng.

I1. Phan tng bac 0, 1, 2, bac n.
han Ung bac 0.

han Ung bac 1.

han Ung bac 2.

han Ung bic n.

han tich sO liéu xdc dinh toc dO phdn tng.
> Phuong phap tich phan.

> Phuong phap vi phan.

- Phuong phép gid tri dau.

> Phuong phap ban phan ra.

> Cac phu’dng phap khac.
Anh hudng cua nhiét do.

T'U,T'U,T'U.T'U.T'U




Cac loai phan tng:

v'Phdn ng x4y ra gita nhi€u thé€ trang (pha).

v'Phdn tng dOng nhat: giita mot thé trang (rin,
long hodc khi).

v'Phdn ¢ng thuin nghich, phdn 'ng mot chiéu.



I1.1. Dong hoc phan iing
e Theo dinh ludt hoat ddng khoi lugng, tdc dd cua
phdn tng 13 tich cua hing s6 phu thudc nhiét do K va
1 hAm nong dd chit phdn Gng

dC
th — _Kf(CAa CB»“')

e A, B...1a cdc chat phdn tng.
 Him s6 f{C,,Cp,...) dugc xdc dinh bing thuc nghiém

dc,

dt

a, B 12 bac ctia chat phdn dng A, B
K 12 hé s0 phdn dng. 4

=—KC5C}



Xét 1 chit phdn tng

C: ndng dd c

dC
— =-K(C"
dt
hat phdn Gng.

e n: biccua;

bhan Ung.



Phén ¢ng bac 0 dC
—— =—K (donviKla ML3T)

dt
e Giai phuong trinh vi phin trén véi diéu kién
t=0 : C=C,

C {

C=C,— Kt
= Phdn ¢ng bac 0 ¢6 dang 12 dudng thing
= Nong d0 ti 1& nghich véi thdi gian.



dC

Phandngbicl —=—K(C @@onviK a T}
dt
e Giasut=0,C=C
: %C — —Kdt

LAy tich phan phudng trinh trén ta dugc:

InC - lnCO = -Kt ¢

C
C - 0
o —=e "
CO
C=Ce™ 0

4

N

"t

Po thi phdn tng bac 1 ¢6 dang hAm mii gidm déu va

t—>0:C—o0
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Poi logarit ¢6 c¢d sd e thanh logarit cé ¢o s6 10

Inx  Inx
In10 2.3025

logx =
Ta dugc: 2.3025(logC-logC0)=-K’t

C=C,107"
K

K'=
2.3025




Phan wng bac 2 d_C = KC* & cé_(zj = —Kdt

dt
(don vi cua K 1a L’M-IT-)

+ Gid sitt=0: C=C,

=C,
1+ KCt

Do thi clia '/ c6 dang dudng thing, khi
t—>o0:C—>0



Phan itng bdc n

1 1
=——+(n—-1kt
n—l
C 0
1
< C=C, 1

[1 +(n-DkeC F

e V6in=1

10



Phan tich s6 li€u xdc dinh toc dd phdn
ung
A ? N dC n
e Dva trén cd s§ phuong trinh —=—KC

dt

1. Phuong phap tich phan :

» xac dinh biacn

> tich phan phuong trinh trén dé€ c¢6 ham C(t)
> st dung khi c6 so liéu day du

11



® /() /(7 A AN /\/ /\/ /\, /
Bang bi€u thé hién mdt s6 y€u td trong xac

dinh bac phan tng

Bic | Ponvitoc | Bién Bi€n |DPi€m cit| Heé so

do K phu doc lap | truc tung | goc

thudcy X

n=0 | M(L3T)! C t C, -K
n=1 T-! InC t InC, -K
n=2 | L3MT)! 1/C t 1/C, K
n=n | (L’M-H)»-IT-1 | Clmn t C,'" (n-1)K

Khi c6 s0 liéu day du, ta vé€ do thi cua né va so sanh

xem né s€ ¢ dang bac nao, tir d6 tinh ra ndng do.
12




2.Phuong phap vi phan ac —_KC"

dt
L4y logarit hai v€
d log(—é—szlogKJrnlogC

o ) dC
Chudi s6 liéu (C,t) ta s& thay biing | 10g T ,logC

Dua vao do thi ndy x4c dinh dudc:
> nla hé s6 géc dudng thing
> log K: di€m cit truc tung tir d6 suy ra K

> dung vi phan dé€ xap xi xdc dinh acy i
dC _AC _ C..—C_,
dt At t.,—t
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3. Phuong phdp gid tri dau

> xac dinh bac va hing sO toc dd K biang phuong
phédp thyc nghi€m tudng dng véi C, va dCoy s
> Cdch x4dc dinh giong nhu phudng phdp vi phan

dC

log(——j =logK +nlogC
dt

> Ung dung trong cdc phan ¢ng ma né xay ra rat
cham.

14



4. Phuong phdp bdn phén ra: C(t,,)) = 0.5 C,

* ts, : tho1 gian ban phdnrd, C=C,khit=0
1 1

Tu phuong trinh - = C(;a—l -(n— 1)kt

Ta co f— 1 (&jnl—l
kC"'(n-1D|\ C
2" 1 1

= [, =
P k(n-1)C

15




L4y logarit 2 vé:

2" —1
logt,, = log D) +(n—-1)logC,

Dung do thi xap xi véi hai truc toa dod (logts,, logC,)
xac dinh dudc:
(1-n) 12 hé sO gbc¢
2" 1

log la di€m cit truc tung

k(n—1)

Tudéotimrak

16



Cac phuong phap khac

» Phuong phap lugng thira: dung cho cac phan

rng ¢4 nhi€u chat phin ¢ng.

» Cac phuong phap khac:

_p

nuong p

_p

nap so,

nuong p

h4p binh phuong t6i thi€u.

17



Anh huéng ciia nhiét do

> Toc dd cia hau hét cdc phdn tng déu ting
theo nhiét do.

> Trudng hop tdng quit nd ting xap xi gap doi
khi T ting 10°C. _E

» phuong trinh Arrhenius k(7)) = Ae &l

A: hé sO tan suat (hay hé s6 hAm mii)
E: ning lugng kich hoat (J mol!)

R: hing s6 khi = 8.314 J mol-!K"!

Ta: T(°K)

YV VYV V

18



X4c dinh su khac biét cda toc dd6 doi véi hai

nhiét d6 khac nhau
_E(Ta2_Ta1)

k(]—;ﬂ) —e RI,514
k(1)

o Gia dinh: Ta,Ta, = const va dat:
E

9 . eRTaZTal

k(1)

k(1)) )

M6 hinh hod nudc mat, nhi€u phan ing dudc thuc

hién G t’=20°C nén thudng st dung cong thiic
k(T,)=k(20")0" "

=Qe" "

19



Bang I1-2: Bang gid tri thudng st dung trong
moO hinh chit lugng nudc.

0 Q. Phan tng
1.024 1.27 Trao d6i khi
1.047 1.58 BOD
1.066 1.89 Phat trién tdo

1.08 2.16 SOD
o KO .

- K@10)

20




Po thi md t3 su phu thudc vao nhiét do ng
vdi cac gia tri khac nhau cua 0

@4 ! 0=1.1
T(20) T -

10 =1.066

/10 =1.047
0=1

0 | | | s
0 10 20 30 40 T°C
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CHUGNG III

PHUONG TRINH CAN
BANG KHOI LUONG



[. Phuong trinh ciAn biang khoi lugng cho hé tron tot

Su bi€n ddi vat chat.
C4c ngudn tdi nap.
Dong ra.

Phan Gng.

Ling dong.

II.  L&igidi cho hé dn dinh

Ham chuyén doi va thdi gian ton tai.
- Ham s6 chuyén doi.
. Thoi gian ton tai.
Su bi€n doi chat 6 nhiém theo thdi gian.



[II. Nghi€ém ri€éng

['ai nap xung.
I'ai nap bac thang.
& ~ V4
I'a1 nap tuyén tinh.
Tai nap mii.
Tai nap hinh sin.
‘A R A
Nghi€m tong cOng.
Chuo1 Fourtie.




Phuong trinh can bang khoi luong cho hé tron tot

e MOt hé thong tron tot 14 1 hé thong don gidn nhat
ma cé thé md phdng hé thdng nude thuc t&

Nguon vao Nguon ra

Chuyén tai +

khuéch ta

| Lang dong
S6 do cia mdt hé thong

Phan tng
(Reaction)



*Trong mOt khodng thdi gian, sy cAn bing khoi lugng
cia hé dugc md td bang phuong trinh (n€u bd qua su

chuyén tdi va khuéch tdn)

Sy tich tu = ngudn nap—dong ra—phan trng—1ing dong (3.1)
(Su bi&n doi)

* (A) (L) (O) (R) (S)



Su tich tu (su bién doi)
La sy bi€n doi khdi lugng M cta hé trong 1
khoang thdi gian t

AM
A=—o
A7 (3.2)
C= M = M=V.C
4
e Gia st 12 thé tich caa hé khong ddi
VAC
= 4= (3.3)
At

Atnhd thi A VC;—C (3.4)
[



’ \ dC 3
e Néu ting nong 40 — > 0= A tang.

dt
\ dC g
e Gidm ndng do — < 0= A glam.
s cin b dc A khong ting kho
e Hé cin bing — = 0= ong tang kKhong

giam



Nguon tdi nap: L =W() (3.5)
W : tai lugng
L=Q.C hay L=Q*C_.(t) (3.6)
Q: luu lugng ngudn vao [L3/T]
C. . (t): ndong do trung binh ctia ngudn nap
vao[ML]

W)
Q

(3.7)

Cip (D)=



Déng ra (OlltﬂOW) Oouput = Q * Cout

¢ Vihé théng tron 1an rdt tot nén:
¢ Cpu=C = 0,,,=Q*C (3.8

Phan iing

Pudc mo ta bing dong hoc phdn tng bac 1
R = K*M (3.9)

K : hing sO phdn ttng bac 1 (T

Phuong trinh (3.9) con cé thé viét lai 1a
R =KVC (3.10)



Ldng dong

* Pugc mo ta 1a dong vat chat lang dong trén
dién tich mat cua bé mat 16p day.
eS=v*AC*C  (3.11)

v: vin toc ling
Ac

v: vin toc ling dong. So d6 dong lang dong

Ac: dién tich bé mit tich tu.
C: ndng do.
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The tich cot nuéc V = A-*H

H

Hay S =k * V*C (3.12)

k, Zé hing so tdc dd ling dong bac 1 [T!]
dC

M W(t)-0C—-KVC—-kVC (3.13)
dC

V== =W (1)-QC~KVC—vAC

11



L3i gidi cho hé 6n dinh

/4

= (C =
O+ kV +vA,

c=2L

A

(a : tAc nhan dong nhat)

e a=0Q+kV +vA,

(3.14)

(3.15)

(3.16)

12



Ham s6 chuyén doi:
 Trong hé cinbdng thi: W=Q*C,_ (3.17)

C N A Ao W
f =—— Ham chuyén d6i = C=
C. Q+kV +vA
) w
op=t C 0 (3.18)

C Q+kV+vd O 1kl 5,

B<< 1 (C,, >>C) : tinh cd hoc tay rira ho sé lam
gidm nong do ctia dong vao 16n (ning suit dong
nhat 16n)

B— 1 tinh co hoc tay rita ho sé 1a yéu.

13



Thoi gian ton tai:
La khodng thdi gian t6i da ma 1 chat E ¢6 mit
trong hé véi gid thi€t 12 hé can bing va cé thé
tich khong d6i (Stumm and Morgan 1981)

E
dE

dt,

Tp =

(3.19)

 E: lugng vat chat E trong thé tich (c6 thé 13 khoi
lugng hay nong do)

dE . , . A Ao 9 A A ’
= : 214 tr1 tuy€t do1 cua ngudn hay bon chira
t + 14




Thdi gian ton tai cda nudc trong hod

— (3.20)

*Thdi gian ton tai cda chat 6 nhiém(trong hé don gidn)

dE
dr |,

=Qc+kVe+vA, (3.21)

Ma M =V * C nén

To =

M 16
dM|  OC+kVC +vA.C
dr

v

T O+ KV +v4, .



Su bién doi chat 6 nhiém theo thdi gian
*Gia st hé khong G trang thdi cAn bing:

Vci,—f =W(t)-QC—-kVC—-v4A,C  (3.22)

S —+AC=—+— (3.23)

1-9 . k.Y gid tri ddc trung cia (3.23)

16



*N&u tham s6 (Q,V.k,v,H) 1a khong doi, (3.23) 1a
phuong trinh vi phan tuyén tinh cdp 1 va nghi€ém
cua nod sé la:

C=C,+C, (3.24)
*C,: nghiém tong quat cua (3.23) ing v6i W(t) =0
*C,: nghiém ri€ng cua (3.23) @ing v4i dang dic biét
cua W(t).

Tim nghiém téng qudt ciia pt (3.23) khi W(t) = 0.
Gid sitkhit =0, C = C, (diéu kién ban dau)

17



dCc

Giai phuong trinh — =-2C
v6iC=C, khit=0 9
e Ta c6 nghiém C = Cog‘/“ (3.25)
. l |---{'__f; < (_—fj < ('__j
(—*m '
K o
{:fj \ — AT
2 \ €
— Ayt
(_T]' \ Q
e
t, 1 2 t

18

D6 thi C = C e tng véi cdc A khdc nhau



e Nhin xét:
— Néu A 16n thi ndong do C gidm nhanh.
— Né&u A nhd thi ndong d6 C gidm cham.
Thoi gian twong ¢ng” (thdi gian thu hoi nong do)
titc 12 chi xét d€n thdi di€m t, ndo d6 ma C(t,)
chi biang 0.5C,
0.5C, = C,e "

Se M =2
< A, =1n2

In2 0.693
=l = =

A A 19



Thdi gian thu hoi ndng dd co ban fy: nghla la khi
t,= ¢ % la thdi gian ta thu dugc (1- ¢% ) nong do
ban dau

t :lln 100 (3.26)

A 100—¢

Thoi gian twong vng |15y Tean Tog Toy T Teg

Céng thifc xdc dinh |20 1 139 23 3
A A A A A 2

20




0.5

P thi biéu didn “/C, theo !/,




Nghi€ém riéng CZ—C +AC = @ (3.27)
[

e Nghiém cua phuong trinh trén cé dang

C=C,+C, (3.28)

/N

nghi€ém cua phuong nghi€m riéng cua pt tng vdi
trinh khi W(t) =0 cac dang (dat biét) cua W(t)

Ta tim nghiém riéng cua phuong trinh (3.27)
v31 W(t) dugc xét 1a ham xung, ham bac, ham

tuyén tinh, ham mi, ham sin
22



Wi(t | Wit

0 | 0
Ham xung Ham bic thang

W(t) W(t)

> >

Y . ~ £ 23
0 Ham tuyén tinh 0 Ham m



W(D)

W(t)

—t

Ham sin thuc té

D0 thi cdc ham tdinap

24



Tai nap xung (Impulse loading)

MO0 ta tai nap xay ra rong nhung xay ra trong mot
thdi gian ngin (ching han nhu sy tran chat phong
xa, su cO tran dau).

1. Ham xung (hay con goi la ham Delta-Dirac)

0 v6i t=£0

— 2
o) iG(O) vG1t=0 (3.29)

]O 5(t)dt =1 (3.30)

25



Ham tai nap W(t) = mo (1)

» m: khoi lugng chit 6 nhi€m nap vao
e Phuong trinh (3.27) dugc viét lai:
dC ms (1)

—+ AC = (3.31)
dt V

Nghiém riéng cua phuong trinh:

m
C=—e™ 3.32
% (3.32)

26



0 { 0

Do thi ham tdi nap W(t) va nong do C(t)

27



Tai nap bdc (step loading)

o () t <0 (3.33)
Wit)=- 7 itng vdi =0 -
N 4 iy \
Nghiém trong trudng hgpnay C=—(1—e"") (3.34
AV

) C =
W) [T i ¢ AV

0 ¢ ‘ 0 fo ‘

Po thi ham tdi nap W(t) va nong do C(t) =



Nong do giéi han

c_ "
AV
3

t95_I

e Khit —>o0 nghi€ém (3.34) tré thanh nghi€ém
trong bai todn 6n dinh.

29



Tai nap tuyén tinh (linear loading)

eHam tdi trong dugc mo t4 bing ham so:
W(t) = £ft (3.35)
*f: hé s6 gbc [MT]

*Nghi€¢m riéng s€ la: C= +7L€V (At—1+e “) (3.36)
3

. B 1
51 toso, = — do sé la: C = {——
Ung v6i Losy, 1 nong do s€ la W /1

(licds e —0)
Vi du don gidn nhit cda tdi nap tuyén tinh 1a

dung trong mo td ting trudng dan so.
30



W(t)

Do thi ham tdi nap W(t) va nong do C(t)

31



Tai nap mii (Exponential loading)

Dang tdi nap nay dudc st dung nhi€u trong
mo hinh chit lugng nudc

“Ham i nap c6 dang: W (t) =W,
*W _: tham s6 khi t =0 [MT!]

*f,: toc d6 ting trudng (dudng) hay phan huy
am cua sy tai nap [T']

VVe (eiﬁlt . e—/lt)

V(A £ B) 537

*Nghiém riéng sé 1a: C=

32



Tim gia tri cuc dai cua C va thdi gian tuong ng:
(d_c _ Oj ot = In(B,/4)  (338)

dt B, —A JC
e Trong phuong trinh (3.1) cho —=( Vva thay ham
W(t) ta s€ tim dugc at
C,. = We b (3.39)
VA

hay B

- _ (ﬂz jwf (3.40)

e
VA A

33



Wi(t)

Do thi ham tdi nap W(t) va nong do C(t)

34



Tai nap hinh sin (Sinnsoidal loading)
w(t)=w+w_ sin(wt—0) (3.41)

v_v': g14 tr1 trung binh [MT-1]
We:bi€én do [MT-1]
g¢: pha [radian]

A ~ s 277:

o*: tdn sO goc 0 =—
. T

T; chu ky P

Nghi€ém riéng sé€ 1a:
sz(l—e_“)+ il sin[wt —0 —0(w)
VA WA+ 0
/4

T ~—sin[-0 —0(w)]e " (3.42)
% + %




0(w) : dd chuyén pha thém va 1a 1 him theo tan sd
() = tan_l(%) (3.43)

Ung véi thdi gian thu hdi ndng dd cd ban

t, = %(gb =95%)

Tacé e — (0 khidé

C :K(l—e_“)Jr il sinfwt —0 —0(w)]

vA WA+ (3.44)

36




Nong do ciing c6 dang hinh sin vdi bién do clia

no s€ la 1%

C = < (3.45)
V\//I2 + o’

&

e

37



Trong trudng hgp 6 = 0, dong vao biang dong ra
va tai lugng dudc cho bing ham s6.
w(t)=QC sin(wt) (3.46)

C . :bi€n dd cua ndng dd vao

ain’

eNong do sé 1a: (3.47)

C=C_. A(w)sin(wt —p(m))

A(m): hé sd nhay dugc tinh theo cong thitc
A

\/ A+’

A(w) = (3.48)



Nghiém tong cong

e Nghiém tdng quit cia pt vi phan cé thé viét:

C = Cg T Z a,Cp, (3.49)
i=1

Piéu nay chi xdy ra khi va chi khi mo hinh 14
tuyén tinh.

a. la mot hang s6 nao do.

39



Chuoi Fourier: Ham tdi dang chudi Fourier 1a:
W(t)=a,+ Y [a, cos(kot) + b, sin(kwr)] (3.50)
i=1

2 .

©="" tan sO ¢d ban
T
a, = FjW(r)dt
0 véik =1,2,..
2 T
a, = —jW(t)cos(km)dt
T 0
2 T
b, = 7jvr/(t)sin(kcot)azt
0

Chudi Fourier dugc gidi thiéu nhu tong dao ddng hinh
sin. Va c6 thé xay dung nhu dang (3.42) 40



CHUGONG IV

HE TAC PONG TIEN



[. Phuong trinh cdn biang khoi lugng.
II. Hé khong 6n dinh.

[I1.C4c phdn t¢ng ctia hé tién.



N

a) hé (taic dong) ti€n

__________

b) hé lu1



Phuong trinh cin biang khoi lugng va
trang thdi cAn bing

e M5 hinh don gidn gom hai 10:

W, W,
Q,,C, C, Q536
C, =
— | — |

" KIVICI KZVZCI



Phuong trinh cin bing khoi lugng cho tirng 10

dC
e Lo I: VIT;ZVVI_lecl_KlVICI 4.1)
dC
 L02: V, dtz :VVz_Qucl_QBCz_KszCz (4.2)
Vi 1o & h4i can b ac, _ a6,
e VilO G trang thai can bang;: —— =
e S dr dt

a, C,=W, (4.3) (an oj(clj (le
@ —
e-a, C+a,C, =W, @44 8y ap &) W
* a;,=Qp+k,V, (4.5)

¢ a,,=Q, (4.6)
* 2,,=Q,,+k,V,  (4.7)



Giai hé phuong trinh

_ 1 . | i
C,=—W, = —,(4.8)
dy, Oy, + IV,
- W.+a.cC | i O | i
sz — 2 211 — . H:E + =12 _ 2 . H:l (49)
a4, Oy + k1, O+ KV, Oy + k1
o

e = NOng dd trong hd 2 phu thudc vao ngudn
thdi vao hd 2 W, va vao nguon thdi W,



M6 hinh tang bic (Cascade Model)

S e N e W e W e W

Kich ¢3 cd% 1o va cic dong nhu nhay?! n
V=V, =.=V, Q=Q,=

Khoéng c6 tai nap W (W=0)



Nghi€m cua bai toan sé€ la:

J
. =—< ¢ 410
QTKYV
), J ),
{:'1'2 _ {-:_ {:'1' _ {-:_ {-:_ {:'TD (_1_11)

Q+KV 1 Q+KV Q+KV

'

= ‘ Q+I-:,ﬁ,

\ C,4.12)



Khi hé khong & trang thdi cAn bing
 Gid st cdc nguodn tdi nap bing khong (W = 0)

dC' L )
B —,fl“CI(-’-I-.L‘})
di
ac, . . _
—= = 2,0, = A5,C, (4.14)
di
()
A = %+K1(4.15)
e
() _
v,

O
A, :}—f+ K, (4.17)
"3



Néu thdi diém t =0 ta bi€t C,,, C,, ...
Nghiém tong quat clia phuong trinh 1a:

Cy =Cp e (4.18)

- -1
Aqq(C

- -1 - 1 . - - . J
C,=Cy e ™™ + - L (7 — 7 )(4.19)
Aqg — Ay

Nhanrongrala hé ¢6 3,4, ... h0. Ta ¢6 cOng

thirc truy dudi (O’Counor and Muelier 1970).

- v - A, C, )
{_ f3 — {_ TEI:I & Azzf + FI:I { e aiggf ,.1331" i—|—
Ary — A
.f’; .f": {"'__1' '::. E_'I-_"E'llf _ EJ_“'EEEJL E_-p_"iﬂﬂf —.-1331" b
=27 211
i S e (4.20)



Ay C?,O

C4 — C40 e_’l44t 4 (e_zsﬂ . 6—144 ) +

/144 33

£ - 7 I-".- — !'. _.-'E- f _ !._ —__.E_ 1" -.HI
,{,43,{32{__% e Ay _ e e Aas _ e M

’EEE o fj*zz ";"'-’-1-’-1 o ;{ﬂ f‘j*aq _ ,ﬁﬂ

N .-"143 ’ﬁ"EE ﬁmt’:fln 4 ,E;_j’-llf _ H_iﬂrﬂ - E_EEET _ E_}._iﬂf A
{; ﬁ“ﬂ B ’;“11 H« ";“33 - "ﬂ‘ll i} "144 o ";“11 "';"’-*-14 - ’j"EE

_ Ay *’j*zzf;m{:flu ‘ e Mt _ g7 - e ‘ (4.21)
{; "j*zz o *’j*u H "j"33 B "’ﬂ*zz i} *’j*ad B *'j*zz *'j“qa - "j"33 -

11



Cong thitc truy hoi tdng quit do Di Toro (1972)

n—1 n Ci (t, A‘z‘i)

C,(t. M52 s )= (20D

n
/= = (ﬂ‘jj o A‘ii)
j=l1
J#i

(4.22)

12



Cdc phdn tng cta hé ti€n
e Cac dang phan tng vGi cac hé don gian.

A—>B—>C—... (4.23)

Chuoi phdn tng (khong xét dén tdi nap va ling
dong)

Kab Kbc
A — B C (4.24)

13



Phuong trinh cAn bang khoi lugng

aC, _ _ K,C (4.25)
dt
dC
-=K,C,—K,C,  (426)
dt
dC
dtc =K,.C, ( (4.27)
Ca — CaO

Néu & thi diEmt=0 <

C,=C =0

q C

14



Nghiém cua bai toan:

—_ _Kabt
¢,=C,e

K C
Cb _ Kabab— ]a<0bc (e—Kbct - e—Kabt)

e >C. =C, - C, —C, taithdidi€m t

15



(A)

(€)

(B)

16



CHUGONG V:

HE TAC PONG LUI



[. Phuong trinh cin bing khoi luong.
1. P61 vSi hé nhiéu 10.

[11.Su bi€n ddi theo thdi gian.
IV.Céac phan ttng thuan nghich

Hé dong.
Hé mg.



Phuong trinh cdn bang ciia 2 1o

Q01 ﬁ/ Q,C, ﬁ/ Q0
- | R
Q,,C, |
"KIVIC1 K,V,C,
dC,
Lo 1:Y I =W +0,C, —0,C, - KV C +0,C,
(5.1)
dC
Lo 2:V, dtz =W, +0,C, -0,C,-0,C, - K,V,C,

(9.2)



Khi hé cin bang

dc, _dc, _,
dr  di

a,C+a,C =W, (53) _ (au alzj(

‘a, C +a,C,=W, (5.4)

dy Ay

a;;=Q, + KW, (5.5)
a;, =-Q,, (5.6)
Ay =-Q, (5.7)

Ay =Qy + Qs + KV, (5.8)
Cha y Ia trong (5.3) W, =W, + Q,,C,



Giai hé phuong trinh trén

1 1
(= .- W, + .-
a, —(aya,/a,) a, —(a,a, ' a,)
1 1
C, = .- W, + .-
a, — (a,a, a,) a, —(aya, ! a;)

7,(5.9)

7, (5.10)



Doi voi hé nhiéu lo
e Gidi quyét bai todn gidong nhu doi v4i hé 2 10
e D41 vSi hé 310, c6 tdc dOng tir phia sau ta sé&
cO hé phucong trinh:
a,C, +a,C, +a,,C =W,

a,,C +a,C, +a,,C; =W,

N\

ka31C1 +a,;,C, +a;,C =W,

Ta gidi hé phuong trinh tuyén tinh (gidi ma trin)



Su bién doi theo thdi gian

*Gia su khong c6 tai nap (W=0) va khéng c6
lvu lugng vao Q,,=0

dC
1 = i . I
= —0,,C + &4, G (5.11)
di
dC f o
) b= 0,0 -G (5.12)
- =13 r&
o, =22(513) i
4
O
3 —%(5-14)
T:l
)
oty = L2 (5.15)
IE
O @,
UEEZEEE—F 12+KE(5 ].D}




Né€u khit=0, C,=C,,; C,=C,,
Thi nghiém tong quat sé& 1a:

C,=C,,e Ty Cy e ™ (5.17)
Cy=Cy e Ly C, e " (5.18)

+ Vi

iy + Ag0) £ (A + A55)° = (A Agy — Az Agy)

-

(5.19)

fif-./iﬁ":



(Ar —09)C — 0y, C

C ;= . % (5.20)
Ay — Ag
o, C, — (A — 0 )C
C. = 122 ,,( S,, 2)C, (521)
Ae— g
f (Ay—0y))Cy — 04 Cy - nn
sz: B B (-:}.—'.—'
A= Ag
o, C, — (A — oty )C
C. = 1Cy, — (A —oyy)Cy, (5.23)

Ar—Ag
A 1 la gia tr1 dac trung nhanh
A ¢ la o014 tr1 dac trung cham.



Cdc 1o phdn ting 2 chiéu

Bé miit
(I6p mat)
16p
day
HO
day

Mot so lién két thudng gip

10



Hé dong
e Chi xét cac phan Ung.
» Gid thi€tring phdn ¢ng 1 bac 1 va x4y ra trong
hé kin, phuong trinh cin bing khoi lugng:

{"_T

% - K.C +K,C,(524)

I . ot o

{ﬂ:’ =K C —K, C,(525)

G trang thdi can bing:
dC  dC, C
a4 — =0 L= =K
dt dt C .

K g0i 1a hé s6 can bing 11



C 12 khoi luong tong cong clia chit A va chat B

C=C, +C,
* Taco: C:Ca+Kca SE&:F;.C
F = 1
1+ K
C  gid tri gidi han
C,=F,C
K .
F,=1-F, = -(3.29)

1+ A

12



{r'_'l'
ﬂé @ = —K,C, + K, (C = C,)(5.30)
(i

dC,

dt

¥

+ (K K, )C, = K, CL(531)

Pay 1a phuong trinh vi phin tuyén tinh v6i v€
phai khacOkhit=0

Giad su C =C,, ta giai ra cic nghi€m sau:

Ca :Ca e'(Kab tKpa It _|_C—a(1 _e'(Kab tKp, )t) (532)

Cb :Cbo e'(Kab Ko )t _|_C_b(1 _e'(Kab tKpa )t) (5.33)

13



P thi bién ddi Ca va Cb

14



Ngudn Nguon ra
vVao

Ca in Ca out

Cb n

Ai’\ijj’k B—)Kb /Cbour

So @6 hé mé 15



Phuong trinh cin bing khoi lugng doi véi tirng ho

IcC O - | _
{rfrﬂ B ;’ Cﬂm B ;r C —-K_,C +K, C, (534)

IcC. O | |

f{fi‘b — FC" _ _I—;C" -+ IT& C" K&IHCT& _Rbcfb (5ﬁ5)

v Xét truong hop ddc biét : gid st rang toc dO phdn Ung
K, va K_ xdy ra nhanh hon rit nhi€u so v6i K,
dC () ()

-=C, -=C-K,C,(5.36
dt Vv y 5 (9:20)

Dét C= Ca + Cba Cin — Ca in +Cb n

16



 Phuong trinh trén khong thé gidi dugc khi ¢
2 &n chita bi€t (C va C,)

« Néu ta thay C, = F,C thi ta s&€ dudc pt khi c6
diéu kién ban dau:

«_9¢c Lc gcc (537
a V"V

— Hé phuong trinh dugc thay bang 1 phuong
trinh v4i 1 nghiém méi 12 him bién déi theo
thdi gian va ¢ thé gidi dudc .

17
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Chuong VI

SU PHAN TAN (diffusion)



[. Su chuyén t3i va phan tin.
[1. Pinh luat th nhit cua Fick.

[11.Md hinh vinh — ho.



Su chuyén tdi va phan tdn

_ Su chuyén t3i (advection) phdt sinh tir cdc dong chdy
theo mOt hudng tor ndi nay sang ndi khac va khong lam
thay d6i thanh phan vat chat clia nd.

_ Su phin tan (diffusion): chuyén dong ngiu nhién hay
chuyén dong clia roi

= Sy phdn tdn phin t& (molecular diffusion): do su chuyén
dong ki€u Brownian cda cdc phan tif nfoc trong pham vi nhd.

= Chuyén dong rdi (turbulent diffusion): chuyén dong hdn loan
trong pham vi rOng.



Phédn biét su khdc nhau giita phdn tdn phédn tu
va chuyén dong roi
e Giong nhau: déu c6 khuynh huéng 1am gidm
gradient bing cdch chuyén ddi tif noi c6 ndng
dd cao d€n noi c6 nong do thap.
* Khdc nhau.
e Chuyén dong rdi 16n hon chuyén dong clia cic

phin t, nén sy phin tdn roi 16n hon sy phan tdn
cac phan tu.

* Trong phan tdn phan t& cdc chuyén dong cia
ching dudc gia dinh 1a nhu nhau, con phin tan
r61 phu hudc vao kich thugc roi.



PO phan tan (dispersion):

¢ O nhirng nd1 hep nhu kénh, rach, dong song 1
chi€u ta dung thuit ngit d0 phan tdn;

e P61 v4i bai todn 2 chi€u, dung thuit ngif
phan tan.



So do 1 hé xdy ra qud trinh khuéch tdn

D
>
C G— o
D’
dC ,
VE_D(Cz_CI) (1)

e V,: thé tich binh 1.
e C,, C,: n0ng d6 chit & binh 1, 2.
e D’: dong phan tan.



3 nhan t0 4nh hudng t6i sv phan tdn :

- Dong phan tdn D’: bi€u dién cudng dd phan
t4n D’ 16n thi phan tdn nhiéu; D’ nhd thi phan
tan it.

~ Su van chuyén khdi lugng chat ti 1é thuin véi
dién tich ti€p xic.

~ Su phén t4n ti 1& v6i sy chénh 1éch ndng dd
gilra 2 binh (gradient):

= Phin tan t trdi sang phdi, n€u C1>C2
= Phan tdn tir phdi sang trdi, n€u C1<C2
= 2 binh cin bing, n€u C1=C2



Dinh ludt thit nhdt cia Fick (Adolf Fick)

dC 2
*M® hinh sy phan tin: Jx= _Dd—X )

] : dong khdi lugng theo hudng x [ML2T-'].
D: hé s phin tan [L2T].
eM6 hinh bi€u dién sy ti 1& giita dong khoi

lugng va gradient ndong do
Vi€t phuong trinh bdo toan khoi lugng cho binh 1:

1 dc, _ _JA, (3)
dt
A dién tich mit cit ngang gitta 2 binh [L?]
J : dong khoi lugng giira 2 binh 8




K&t hgp phuong trinh (2) va (3)

S )
dt dx
« Ung dung sai phin
V, a¢, _ +D.A 6 (5
dt 1

I: chi€u dai phan tian [L].

So sanh phuong trinh (1) va (5)

_ D.A
D'(C, -C,) = +D.A, Czlcl = D=2 (6)




Trong chuyén dong roi ngudi ta dung ky hiéu
E’ thay cho D’ va E.

EA.
1

E' (7)

10



Mo hinh vinh — ho

HO chinh
(1)

v
\\ (2)

e S0 d6 md hinh vinh - hd

11



Phuong trinh cdn bang khoi lugng cho tirng

thanh phan
. . dC, .
*HO: V, dt =W, -Q,C, _k1V1C1 +Q,C, +E (Cz _Cl)
, dC, ,
'thivz dt — Wz + Q1C1 _chz —k2V2C2 +E (Cl _Cz)

C,: nong do ho 1

C,: nong d6 ho 2

W ,,W.,: tii lugng hd 1, hé 2

K,,K,:hé s6 phan dng

V,,V,: th€ tich

Q,,Q,: luu lugng gitta hd 1 va 2 .



Tinh todn gia triphantan  _A . 1ig dien

F'— EA —E: hé s0 roi [m?/s]
[ ¢ —1: do dai

M5 hinh vinh — hd cé thé st dung dé ddnh gid
hé sO6 phan tdn trong trudng hop doi véi chit
bdo toan S, ndo d6 thi ta c6 th€ vi€t phuong
trinh cAn bang cho vinh:

dS
v, dt2 =W, +Q,S,-Q,S, -k,V,S, +E'(S, - S,)
Trong trudng hdp 6n dinh:

_ W, —Q,5, +Q5,
S; =5,

E'

13



CHUONG VII

LOI GIAI GIAI TiICH CHO
MOT SO TRUONG HQP



[. Hé 6n dinh
Trudng hgp 1y tudng.
Dong chdy tang.
So sanh glu’a mo hinh 10 tron tot va trudng hdp
dong chay tang.

Qu4 trinh chuyén tai va khuéch tdn.

Mot s6 ting dung cia dong chdy tang cho song
sudi.

Mot sO tng dung cho vung ctra song d6i véi md
hinh 10 tron tot.

[I. Hé khong 6n dinh
Khi khong c6 khuéch tan roi.
C4c md hinh lan toa.

[I1.Mot sO cOng thic 4p dung.



Hé on dinh

1.Trudng hgp 1y tudng
G day ching ta xét hai dang miu dang hd dong
kin va ho dong roi.

X X+AX

So @6 kénh hinh hop chit nhat



Xét kénh nhu 1a hinh hdp chit nhat (bo qua phuong
y,z) phuong trinh cAn bang khoi lugng cho 1 don vi
c6 chiéu dai 1a:

AV%—? =W —-W  *reaction (7.1)
(bb qua su ling dong)
AV%—? =J. A —J, A treaction (72)
AV : thé tich don vi
A, =B.H[L]

B: chiéu rong [L]
H: chi€u sau [L]
e J I :dong khoilugng vao va ra [ML2/T]

i’ out *



Dong chdy tdng (PFR: Plud-flow reactor)

e M0 t4 ring trong doan kénh chi xdy ra su don
chuyén (chuyén tai)

— Dong vao: J. =U.C (7.3)
— U: van toc dong chdy : ULT1=Q/A,
— Dong ra:
j. =UC+U. % A (7.4)
OX
oC
J =U| C+—Ax
out ( aX j (75)

— Phdn ¢ng (bac ) Reaction=—-kA Ve (7.0)

5



Thay cac gia tr1 vao phuong trinh (7.2)

ar 9 - UACC—UAC(CJra—Cij—kAVE
ot Ox
U4, % ax—kAvE) (7.7)
OX ‘

* Ta c6 AV=A_Ax, khi Ax — 0 thi C — Cva
khi d6 ta c6
1dO ta CO e e

— =-U—-kC (7.8)

ot OX

Khi & trang thdi cAn bang
8—C:O:>O:—Ud—c—kC (7.9)

ot dx



Vi diéu kién bién
x =0,
C=C,

Ta s€ c6 nghi€ém

(7.10)



So sdnh giita mo hinh 10 tron tot (CSTR: continuously
stirred tank reactor) va truong hop dong chdy tdng (PFR

Mo hinh CSTR :

c=c 2

O kT (7.11)
C 0

> [=—=
C. QO+kV
1

jﬁ_1+kTW

Thdi gianlwunuge _ _1 1=,

Ty ——.
/4 I ﬁ



Mo hinh lo dong kin

C

= —=2-@ U
ﬁ Cin
X
T, =—
U

=B=e"" =1, :%ln(%j (7.13)

Tocsrry =~ Uw(PFR)

e = Thai gian luu nudc cia md hinh 10 tron tot 16n
hon mo6 hinh dong chay tang



Lo dong o ddy xdy ra qud trinh don chuyén
(advection) va su phdn tan (diffusion)

oC
*DoOng di vao Sy =UC=E== (7.14)
X

(v6i E 12 hé so roi khuéch tdn. )

Dong di ra (phan tich bing _chuéi Taylor bac I)
g, = U(cﬁ_cmj_g €2 (@ij 7.15)

Ox _E Ox \ Ox
Thay vao phuong trinh (7.2) ta c6
AVa—C =UA.C - UA, (C + 8_Cij — EACa—CJr
Ot ox ox

+EA, oc 9 (achx —kAV C (7.16)
Oox Ox\ Ox 10




Vi AV=A_.Ax, khi Ax — 0 thi C — Cva khi d6

2
9C % E2C ke (7.17)
ot OX OX
Trudng hdp On dinh: oc —()
ot
2
O=Ud—C+Ed(;—kC (7.18)
dx dx

Gidi hé phuong trinh (7.18) bing nhiéu phuong
trinh khac nhau. Phuong phdp don gian la tim
nghi€¢m dudi dang

A
C=e"

11



Phuong trinh déc trung cua pt (7.18)
Giai hé phuong trinh

Al,xzzi[li\/l 4KE] —(1+ T+ an)

2E U’ 2F
KE
n= 7
Nghiém s& 1a: C = Fe"" + Ge™" (7.20)

F,G 12 hiing s0 tich phan. Cdc hiing s0 sé dugc
fim tir diéu kién bién.

12



e Bicu kién bién tai x =L: oc -0
ox |, (7.21)
Piéu kién bién tai x =0:
Tu phucng trinh (7.14) ta ¢co
oC
uC. =uC| —F—
mn x=0 Ox -, (722)
Tu (7.20) va (7.21) ta co
Taix=L AFe" +1,Ge™ =0 (7.23)

Taix=0 uC, =u(F+G)-EAF+A4,G)
= (u—EA)F +u—-EAL)G=uC, (124




Giai phuong trinh (7.23) va (7.24) tim dudc F va G

[ uC,Ae™ (7.25)
(u — E)Ll)ﬂtzeu —(u — E/lz)ﬂqeu
AL
G uC,,he (7.26)

N (u—EA, )Aeu —(u—-EA, )/lzeu

e Cdc hing s6 nay cung vdi phuong trinh (7.20) cho
phép ching ta tinh dudc ndong dd doc kénh trong
trudng hop on dinh

Hai diéu kién bién trén duoc goi la diéu kién

Dancwerts 5



So Peclet va Damkohler:
 Phuong trinh (7.18) viét lai:
adC d°C

0=U FE———kC
dx dx

Ta dua ra cac dai1 lugng khong thr nguyén
cia khodng cdch va ndong do:

X*=—

L
ox_ C
Cin

15



*Thay vao phudng trinh trén ta dugc

3k 20 %
O:Udc :Edez—kC*
dx* L dx*

Chia hai v€ cho U/L ta dudc:

dC* E d°C* kL .,
— + ———0C
dx* UL dx* C
* 207 %
-~ dC +1dC2 _DC*
dx* P dx*

0=

= 0=

(7.27)

16



1[}

&

Vi

UL
E

Toce do chuvén tai

Toc do phan tan

Toce do phan huy

e - .-\? o
I'oc do chuven tai

- S& Peclet

- S6 Damkohler

17



Mot s6 ting dung ciia dong chay tang (PFR)
cho song suoi

1. Nguébn diém W

e SJd d6 ngudn Q
di€m

So do cin bing i :

khoi lugng cia  QC: QG
ngudn di€ém vdi | :
dong phan tang




Di¢u ki¢n nong do C,trong mé hinh PFR

*Cho ngudn di€m tai x=0, muc tiéu: xdc dinh C,,
Phuong trinh cin bang luu lugng: Q = Q,, +Q.
Phuong trinh cAn bang khoi lugng:

QC, =Q,C, +QC

(Q:+Qu)C, = QyC,+Q.C,

+
P C() — QWCW QrCr
Qr T QW
4+
< C, = WHQ.C,

- Qu +Q. (7.28)



*Thay gi4 tri C, vao cong thic tinh ndng do trong
trudng hdp PFR

Ta sé tinh dugc phan bd nong do C
Néu O.7 Q,va C = C  thi:

Co=— (7.29)

20



2. Ngubn phin bé

S6 d0 ngudn l l l l l
phin phoi i o a

Tl phuong trinh ciAn bing khoi lugng trong trudng

hgp On dinh, ta c6:

0=-V ac kC+S, (7.30)

dx

Taix =0, C =, thi nghi€m
_k q ( ko)

C=Cpe? +—%{1-e YV | (3D

21
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Mot so ving dung cho ving ciia song doi vdi
mo hinh MFR (Mix-flow reactor)
*M6 hinh phan tdn roi la mo6 hinh cd s§ ciia viing ctfa
sOng mot chi€u

1. Nguébn diém

| w

A « X
Ngubdn di€m " >
vGi hé 101 '

>

O X

s, A - X N A s, s v s, ~ .
X€t ngudon di€ém vao kénh c6 cac dac tinh cd dinh
22



Bai todn ditra 12 xdc dinh nong do ban dau Ia
bao nhiéu (v6i ngudn di€m cho tai x = 0)

*Viét lai trong trudng hop mod hinh khuéch tin (MFR)
C=Fe" +Ge™ (7132

Véi 2 — Z;(li«/1+4n )(7.33)
C4c hiing so tinh tich phan c6 thé tinh tir di€u kién bién
C=0khix > -
C=0khix >
Ta chitng minh dugc C, = Coe"le (7.34) i xr<0
C, = C,e™*(7.35) x>0




St dung phuong trinh cin bing khdi lugng tai di€m x = 0

—EAd—C 9C1 _0e7.36)

dx x=0 dx x=0
Thay (7.34) va (7.35) ta1 x=0 vao (7.36)
W +UAC, — EA&C —UAC, + EAL,C, =0

= C, =
—(1+M)x
¥ <0(7.38
Q m (7.38)
.
C = L g 0(7.39)
\ Q J1+4n

Khi £ — (0 mo6 hinh MFR tré thanh PFR



2. Ngubn phén phoi

25



 L&i gidi tuong doi phic tap va dugc Thomann va
Mueller (1987) dua ra nghi€m:

S 1+4n—1), %wﬂﬂa ez—E(l—M?)xx< 00740
k\ 21+4n
- Ldn—1 oo ([l+dn+1, e;ga—mﬂx_

Sd
k| ol 4q7 2,/ 1+4n )
S

/ —U + a E — xX—a
- \/1+4n+1j E (1) ) . €2E<1 VX >x< A720)
e\ 21+4n

Nghi€m trén trung vé1 nghi€m trong truéGng hgp
dong kin khi E bé. 26

0<x<a(74l])




Hé khong 6n dinh

o 1. Poivdihé kin (E =0)

oC oC
—=-U kC 7.43
Ot OX (7.43)
Véi diéu kiénban daut=0, C = Cpx =0
(~ —kt : X
:><C—CO€ khi t:E (7.44)
C =0 trong cdc trudng hgp khic

.

( k

——X

Hay J C= Coe U khix = Ut (745)
C =0 trong cac trudng hop khac

k 27



2. Cdac mo hinh lan toa

2.1 Su lan toa gidn doan: Su tai nap xay ra trong
1 thdi gian rat ngin (vi du tran dau)

o* Néu chi ¢ su phin tan(K =0, U= 0)

- = * (7.46)
(phuong trinh trén coil nhu la dinh luat 2 cua Fick)

X

C(x,t)= » H@ B (7.47)

m: tong khoi lu’dng trém 1 dién tich mit cit ngang
cua phan phoi chuan [ML2]

Po 1éch chuain o =+/2Et

28



o * Néu chi c6 su khuéch tdn va chuyén tdi

6C oC _&°C

5 U > - E o (7.48)
X X
Nghi€ém sé€ la
m _(x—Ut)2
Cx,t)=—L—¢ *F (7.49)

2\ Et

29



o * Khuéch tdn, chuyén tdi va phdn hiy

oC oC 0°C
EZ_U Ox o Ox” ke (7.50)

Nghiém sé& 1avéi di€u kién x =0 cho nong dd
hay tai lugng

NESZ

C(x,t) = Ty 4n (7.51)

2\ Et

30



2.2 Su lan toa lién tuc (Continuous spilts):
nghia la su tai nap xay ra va giif nguyén trong
I doan thdi gian (vO han hay hitu han)

o * Néu thoi gian vd han

e Nghiém trong trudng hop ndy (véi di€u kién
cdc hé sO 1a const)

Ux Ux
——(1-T') — ——(1+I)
C(x,t)zg e?E Ferfc(x UtFjJrezEl Ferfc(
2 2\ Et 2\ Et

(O’Loughlin and Bowmer 1975)  (7.52)

KE
I = 1+4n,n=? el’fC = ]- €7"f

b
B : @0 1éch mau erf:hamsai  erf(b) :ije‘ﬁzdf 31
Jr

x+UtFj




* Néu thoi gian hitu han

C

x-U({—1)I'

2\/E(t—f)

—(1-T) x—-Utl'
C(x,t)=—2<e2E erfc + erfc
(x,?) 5 f( 2\@j f(
<+e%(l+r) ezfc(HUtrj—erfc x+U(t—17)[
2JEt 2 JE(t—7)

J

\

~(7.53)

J
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Mot s6 cong thic 4p dung
*Nong do trung binh

S
C == 20 —1) (7.54)
Khoilugng M =Q*C(t, —t,) (7.55)
Thoi gian ton Eali
~ (Ct T Cl-l—ltl-l—l)( i+1 _ti)
¢ — =0 (7.56)

n—1

Z(C +Cl+1)( z+1_ti) 33

=0



PO I€ch thd1 gian

n—1

, Z(Ct +Cl+1tl+1)( i+1 —tl)
S, =5
Z C +Cl+1 l+1_ti)
i=0

) X, —X
e Toc dd trung binh U=( : lj

F =

34



e T6c d6 phan huy béc 1:

1 M
K=r—=——=1In—  (7.60)

G

Trong trudng hgp dua phuong trinh lan truyén
khong On dinh vé dang khong thit nguyén:

2
a_C:_Ug_C_FEa(;
ot OX Ox

~-KC  (1.61)

35



Al

bat cdc s6 khong thit nguyén
cx=C

G
x* = @
U

t* =kt
 Thay vao phuong trinh (7.61)

oC* oC* o°C*

ot * B Ox * '“ax*2

C*

36



: qud trinh phan tdn 1a chd yéu 7~ 10
. phan tdn + chuyén tai 0.1<n <10

. chd y&u 1a chuyén tai. 1 <0.1
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Chuong 8:

MO HINH TINH TOAN O
NHIEM KHONG KHI



[. Phuong trinh lan truyén 6 nhiém khong khi
Phuong trinh cd ban.
Pon gidn héa phuong trinh lan truyén.
Nghiém giai tich.
II. Phuong phap GAUSS.
Cong thic cd sd.

Su bi€n dang moO hinh GAUSS (doi gdc toa do, tinh
dén su phan xa nong dd) cu’c dai1 chat 0 nhlem

Hé sd khuyé&ch tdn va do 6n dinh khi quyén.
[II.Cac cong thiuc phu trg.

Chiéu cao hiéu qud dng khoi.

Qua trinh ling dong.



IV. Phuong phap Berliand M.E.

Nong do chat 6 nhiém doi véi khi va bui nhe.
Nong do chat 6 nhiém doi v4Si bui ning.

Cong thic tinh van tdc gié theo do cao.

Nong do chat 6 nhiém trong di€u kién khong gié.

V. Nong dd chit 6 nhiém do nhi€u nguodn thai
gay ra

'

'

Tan suit gid, hé so trung binh.
T1inh todn nSng dd chi't 6 nhiém theo tan suit gié.
Iinh toan nong do  tuong doi tong cdng do nhi€u

ngudn di€m cao giy ra.



L Phwo‘ng trinh co ban dé tinh nong

do chat 6 nhiém trong khi quyén

Phuong trinh chuyén tai vat chat (phuong trinh
truyén nhiét)
oC oC oC aoC o (k acj a( acj

—tU—+V—F+Ww—=— k —
ot Ox 0y Oz oOx\ Ox) oy\ oy

O oC oC
k — |[+aC—-[BC+w —
62( /4 ) ’ P e Oz (1)



C : Nong d6 chat 6 nhiém trong khong khi.

X,y,z: Cac thanh phﬁn toa do theo truc Ox, Oy, Oz.

t : Thot gian.

Ko K, K, Cac thanh phﬁn ctia hé sb khuyéch tan roi
theo cac truc Ox, Oy Oz.

u,v,w: Cac thanh phﬁn van toc 210 theo truc Ox,0y,0z.
Wc : Van toc lang dong ctia cac chat 6 nhiém

a. : Hé s0 tinh dén sy lién ket ciia chat 6 nhiém vai cac
phan tr khac cua mo1 truong khong khi.

B : H¢ s0 tinh dén su bien doi chat 6 nhiém thanh cac
chat khac do nhiing qua trinh phan ung hoa hoc xay ra
trén duong lan truyén.
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Pon gian hoa phuong trinh trén co sé thira nhan 1 s0
diéu kién gan ding bang cach dua ra cac gia thuyét phu
hop vo1 diéu kién cu thé

o Néu hudng gi6 tring véi truc Ox thi thanh phan toc do
gi6 chiéu Ién truc Oy sé bang 0, cd nghia la v =0.

o Toc d6 gi6 thang dung thudng nho hon rat nhiéu so voi
toc do gid nén co thé bo qua, ¢ nghia la w = 0. Trong
nhiéu truong hop, néu xét bui nhe thi Ws = 0 (trong
trerong hop bui nang thi luc do ta s€ cho Ws #0).

» Néu bo qua hién tuong chuyén pha (bién d6i hoa hoc)
ctia chat 6 nhiém ciing nhu khong xét dén chat 6 nhiém
duogc bo sung trong qua trinh khuyéch tan thi
a=p=0



Phuong trinh ban dau duoc viét dudi dang

€ W90 90, a(kacj @
ot ox oy\ "oy ) o0z\ oz

Gia st cac hé s0 K, K, khong doi thi pt duoc vict lai

oC oC oC o°C
Fu—==x -k
ot ox oy 0z

(3)



Khong tinh dén thanh phan phi tuyén

uoC/ox, ptrinh:
oc_, oCc L aC
ot o4

Tuy theo di€u kién ban dau va diéu kién bién
ma ta co cac nghiém giai tich khac nhau.



Tim nghiém gia1 tich



Xét bai toan truyén nhiét 1 chicu

ou O’u
—=a"— -—w<x<+00 , t=0 (5
Ot Ox

Diéu kién ban dau :  u(x,t) = ¢(x)
—00 < X < 100
o(x) : la mOt ham lién tuc
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Pit u(x, t) = X(x)T(t) vao phuong trinh truyén
nhiét ta duoc
XT'=a’X"T
))((" = a];;” =—)\" = const (6)
= X"+ X =0 (7)
T'+a’A’T =0 (8)

Nghiém cua phuong trinh (8) 1a :

Xl _ Cleilx

X, =C,e™

_g2)2
ST=Ce "' 1

N



Nghi€ém cua phuong trinh vi phan (5) c6 dang

u;t (x, Z.) — A(A)e—izaztiiix (9)
A 1a s6 thyuc bat ky (- 0 <A < o0)

Chon dau duong cta phuong trinh va 14p ra ham so6
u(x, t) — jioA(A«)e_aWHmdl (10)
Piéu kién ban dau t = 0 . Khi d6 ta c6:

o(x,t)= [ A(\)edA (11)

12



Sur dung cong thirc tinh tich phan Fourier

AR = To@)e s (1)

Thay (12) vao (10) ta co:

e,y == (To(&)edg ) da

27T =\
1 e — @ APt (x—
=——[[(e”"dA)p(£)dS
27 ==
1 2,2, 1 ~(x=¢ )’
Tichphan I=—¢™ R PR

21 2NTma't



-(x=¢)

= u(x, t)—wz\/ﬁ e o()d; (13)

£)

bit G(x,{,t) = e
2Nma’t
= u(n) =[G L) (9

G(x, C, t): nghlem CO sO cua phuong trinh
truyén nhiét

14



Phuong trinh lan truyén 6 nhiém 1 chiéu duoc

viét lai v&i nguodn thai Q tai x =0

oC oC
— =k (15)
ot ox’
Dat a’ =k, —>nghiém cua phuong trinh (15)
0
C(x,t)= e 16
(x,1) ik (16)

Piéu kién bién x—o0 thi C—oo (Nong do 6 nhiém
ta1 mot diem cang giam khi diém cang ti€n xa kho1
chan ngudn thar )

15



Bai toan hai chiéu, nghiém ctia phuong trinh

0 )
d(rmt)k k)"

C(x,y,t) =

Bai toan ba chiéu, nghiém cua phuong trinh

0 i
() (kk k)"

b

C(x,y,z,t) =

16



I1. Cong thirc xdc dinh sw phéin bo nong do

chdt 6 nhiém theo ludt phin phéi chuin Gauss

1.1 Cong thirc co so:

d)

——

Hinh 1:Biéu do luong khéi bang cdc khoi phut
twec thoi va liéen tuc

17



Bai toan lan truyén chat 6 nhiém ¢ day la bai toan hai

chiéu va do d6 ta chon cong thuc (17) dé ap dung

_ M a9
drut(k k)"

Thiét 1ap su can bang vat chat trong timg “lat” khoi
* bé day Im theo chiéu x

» céc chiéuy, z1a vo cuc

* van toc gid u

» Thoi gian ting 14t di qua khoi 6ng khoi 1a 1m/u
» luwong chat 6 nhiém trong “lat” khoi: Q =M x1/u

18



Bat g o_gs500" 20) =% (22)

X u

U
k =050 — (21
X
C,,0,: h¢ s0 khuyéch tan theo phuong ngang va
phuong dung [m]

Thay (20), (21), (22) vao (19), ta dugc cong thirc co so
ctia md hinh lan truyén chat 6 nhiém theo luat phan
pho1 chuan Gauss (“mo hinh Gauss” co so)
oM ] M {2
2TUC O 2nUC O (23)
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1.2 Dién gidi cong thirc mé hinh Gauss co sé
bang phwong phap phan tich thu nguyén:

» T miéng 6ng khoi chat 6 nhiém dugc gio
mang di1 theo truc x trung vo1 huong g10

» Khoang cach doc theo truc g160 x (m )

» Van toc bang van toc gio u (m/s)

* Luong phat thai chat 6 nhiém M(g/s) 1a khong
doi1 theo thot gian

« MAt do cta chat 6 nhiém trén tat ca cac mat cat
truc giao vo1 truc gi0 (cung la truc luong khoi)
s€ bang M/u (g/m)

20



Hinh 2:
So d0 minh hoa anh hudng cua van toc g16 dén nong do

chat 6 nhiém do nguodn phat thai lién tuc va hang so gy ra.

u=1m/s u=4m/s

0O 1 2 3 4 0O 1 2 3 4

Gia thiét chat 6 nhiém khong c6 phan g hoa hoc
v6i khong khi xung quanh mat do chat 6 nhiém

trén tat ca cac mat cat truc g1a0 vO1 truc gi0 ¢ moi
khoang cach x déu nhu nhau
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» Nong do chat 6 nhiém trong ludng khoi thi glam dan
khi khoang cach x tang do ¢6 hién tugng khuéch tan
theo phuwong ngang (truc y) va phuong dirng (truc z)

* Cang ra xa khoi truc luong theo phuong y va z theo
phuong y va z nong do cang giam nho

C: M (24)
uyz
* Su phan bo néng do trén mat cat truc g1a0 VOl truc
luong theo chiéu ngang y va theo chiéu dimg z va
tuan theo dang hinh chudng ctia luat phan phoi
chuan Gauss véi sai phuong chuan o nao do
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Biéu thirc phan phoi chuan Gauss c6 dang

L& s
1@ =—p=ers (29

Ap dung vao truong hop cu thé ¢ day thi € c6 thé 1a
y hoac z va ham y(y), ¥(z) nghich bién vé1 |y| va |z

Y
C _ % %(y)%(Z) _ M 6262)/ 82622 (26)
u 2nuc 0,

G,,0,: h¢ s0 khuyéch tan theo phuong ngang y va
huwong ding z dugc xac dinh bang thuc nghiém
hu thudc vao khoang cach x vo1 cac dieu kién
hac nhau ”

~ O, B,



1.3 Sw bién dang ciia mé hinh Gauss co sé:

Khi chuyén vé hé truc x, y, z ma gbc O trung véi

chan Ong kho1 trén mat dat thi y khong thay doi

nhung z phai dugc thay thé bang z - H hoac H — z
M —yj —(z-H Y

C = e’e’” (27)
2TUC O

Tuy thudc theo d6 xa x khi ludng khoi né rong va
cham mat dat thi mat dat can tr¢ khong cho luong
t1€p tuc phat trién
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Chiéu hudng khuyéch tan s& bi mit dat phan xa
nguoc trd 1én nhu thé cd modt nguon o hoan toan
d6i xing qua mat dat va mat dat duoc xem nhu
tam guong phan chiéu

Nong do tai diém do nguon thuc giy ra dugc tinh
bang cong thirc (27), do ngudn ao giy ra dugc
tinh bang biéu thurc

M 2—4 ~(z+H)
C — e Gye 267 (28)

2TUC O

25



» Nong do tong cong

3 [ —(z=H) _(z+H)

262)}%8 207, +e 267, e (29)

7 )

C— M

= e
2nuc 0.

Khi tinh todn ndng do 6 nhidm trén mat dat thi z = 0

. —(H)
C = M o207 o 20°: (30)

UG 0,

Khi tinh sy phan bo néng d6 trén mat dat doc theo
truc g10 (truc x) , tachoy =0

Mo 31)
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1.4 H¢ sé khuyéch tin :

1 1
Gy :(2]()/)(:]2 GZ :(21{2)6)2 (32)
u u

G, , O, phu thudc vao khoang cach x, do ro1 cua khi
quyen va van toc gio

D.O.Martin da dua ra cong thuc tinh 6, , o, nhu sau:

o, = a3 o, =bx‘ +d (33)

x — 1a khoang cach xudi theo chiéu gié ké tir nguon,
tinh bang km.
Cache¢ sdo a, b, ¢, d cho ¢ bang 2.
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Bang 2: Cac hé so a, b.c, d trong cong thirc (33)

Cap on x <1 km X >1 km

dinh a |p c d b c d
A 213 440.8 |1.941 | 927 14597 [2.094 |-9.6
B 156 106.6 [1.149 | 3.3 |108.2 |1.098 | 2.0
C 104 61 0911 | 0 61 0911 | 0
D 68 332 10.725 |-1.7 445 10.516 |-13.0
E 50.5 228 10.678 |-1.3 55.4 10.305 |-34.0
F 34 14.35 0.740 |-0.35 62.6 |0.180 |-48.6
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1.5 Cdc cdp on dinh ciia khi quyén:
» cac cap On dinh khi quyén co lién quan chat ché toi
s bién thién nhiét do khong khi theo chiéu cao

CAC CAP KHI HAU
I I
Khéng 6n dinh trung tint On dinh R4t 6n dinh
200
180 N
//
1600 t 7

\ Doan nhiét

\
\
140 T Clec/100m) ' )
\
N 1 //
\
\
\

120 \
\
\
100 - ,
\

80 \\‘ \ L

\ \

60 L Siéudoannhiét } A1 Nghichnhiét
/

i - \ \
(Vi du -6°C/100m) N \ /,/

40 \\ T
20 A

10 -8 -6 4 2 0 24 6 18 10
DO gia tang nhiét d0
~—Nhiét d gidm —| Nhiét d6 ting —| 29




II1. Chiéu cao hiéu qud ciia ong khdi:

X X+AX

([LTCITTTTITTTTITT

* cOng thirc Brayant — Davidson

Ah =D(9jm (1+ AT jm (34)

u 7—;choi




D - duong kinh ctia miéng 6ng khoi, m;

® - van toc ban dau cua ludng khéi tai miéng ong
kho1, m/s

u - van toc 210 , mM/s;

T, - Nhiét do tuyét doi cua khéi tai miéng ong khoéi, K
AT - Chénh leéch nhi¢t do gitra khoi va khong khi xung
quanh, °C hoac K. I3

=g G35)

L — 14 luu luvong khi thai (m?/s)

» S - Dién tich miéng ra ctia ong thai (m?)

» chiéu cao hiéu qua ctia 6ng khoi H= h + Ah (m)

» h: chiéu cao thuc ctia 6ng khoi 31



V. Suw lifng dong bui trong qua trinh khuyéch
tan khi thai tw cac nguon diém cao:

* V61 bui nhe lo h’mg, mot cach gan ding co thé
xem van toc roi clia chung dud1 tac dung cua
trong luc la khong dang ké va mtrc 36 khuyéch
tan cua chung clng gan nhu cua khi

* Vo1 khi thai ¢6 chira bui vo1 thanh phan c¢& hat
khac nhau, van toc roi cta cac cd hat bui tho
va nang kich thuoc 0 > 20 pum la dang ké, do
do s€ co su khac bi¢t dang ké giita nong do bui
va nong do khi trén mat dat
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Dua vao mo hinh Gauss co s¢, cong thirc (27)

» Vi bui,co thé xem miit dét [a vat hap thu hoan toan
* Bui thi ro1 trong khi quyen tuy thudc vao kich thudc
hat va khoi luong don vi ctia nd

» Cong thuc (27) s€ dugc hieu chinh thanh

2 (- HAY
C, = M, e e 20 (36)
2nuc o,
Nong do bui trén mat dat doc theo truc gio:
~(H-%)
Cor) = My o 2 (37)

2nuc o,
33



C,: Néng dd bui tinh theo g/m?
M,: Lugng phat thal bui thugc nhom co hat cat xem xét,
g/s

v, : Van toc ro1 to1 han trung binh cua nhom c¢d hat bui
xem x€t m/s

x : Khoang cach doc theo truc gid ké tir nguon, m

Cuong do léng dong bui trén mat dat doc theo truc 210

Gb(Xg; _ khdi lugng van chuyén (lu’u lu’(jng)(n@\)ng d@)
b(x) dién tich di€n tich
= (Van t6c:)(n6ng d@) =v.Cy
_(H_M)z
M,v -
Gb(x) — b"r e 2(722

2nuc o, \



Van toc cua bui

L _P8 (39)
" 18u

* p, : Khoi lugng don vi ctia bui, kg/m?

* 0 : Pudng kinh hat bui, m
» 1 : Hé s tinh theo cong thutc (40), Pa.s

387 ( 273+t
7

re = Foe3g7 273
u,.=17,17.10° Pas

j3/2 (40)
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V.Tinh toan khuyéch tan cac chat 6 nhiém tir nguon
diém cao theo phuwong phap BERLIAND MLE

Phuong trinh vi phan ciia qua trinh khuyéch tan
tor ngudn di€m cao

2
u8£+w8£= k 8(; +E(k28—cj—l—aC (41)
Ox 0z " Oy Oz 0z

36



C - Nong do6 chat 6 nhiem

u - Van toc gid

® - Van toc theo phuong thiang dimg cia chat 6 nhiém.
k,, k, - lan luot 12 hé thong trao d61 theo phuong dung va
phuong ngang

o - Hé s0 xac dinh su thay d6i ndong d6 chat 6 nhiém do
phan huy hoa hoc hoac do go1 sach bo1 mua, suwong.

Gia thiet ban dau
» Nguon diém dugc dit & dd cao z = H (khi x = 0)
» C6 su phan xa hoan toan chat 6 nhiém tir mit dat

» Nong d6 chat 6 nhiém tién dan dén trlet ticu o
khoang cach twong doi xa so vdi nguon
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V.1 Déi véi khi va bui nhe:

* Nong d0 6 nhi€ém trén mat dat cua khi va bui nhe:

|:_ u1H1+n yz }
C _ M e ke (1+n)* x  4kyx
20Dk myk, JThox (42)
. N@)ng dd cuc dai trén mit dat:
oo 0.116(1+n)°M | k (43)
max ulHl.S(l—l—n) koul

» Khoang cach tu X, tr nguon dén vi tri co néng do
max N

y 2wl (44)
" 3 k(1+n)’
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Trong cac cong thurc trén :

* u, —lavan toc 210 0 d0 cao z = 1m, m/s
e n=0.15+0.2

* k=0.1 +0.2m/s

* k,=035 +1m

Cong thirc tinh van toc & do cao z:

U, =Uu ( £ j (45)

. 10
Vori:
* u, - Van toc g10 0 do cao z
* U, - Van toc g16 ¢ do cao 10m
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V.2 Déi véi bui nang co hat doAng chit:
» Nong do bul trén mat dat:

C _ MH* Myt J(fﬁgz klx_4J/;0x}
(x,y,2=0) 2(1—I—n)1+2l F(l—l—)t)(klx)lﬂlm (46)
= (47)
(1+n)k,
» Nong d6 bui cuc dai trén mit dat:
co- 0.0631+n)°M | k (1.5+1)"" (48)

gy g kot e (1 +2)
« Khoang céch tu nguon dén vi tri c6 nong do max
x B u1H1+n
Y A+ n) (1.5 + D)k, (49)
['(1+A) 1a ham so Gamma cua (1+)) ’




V.3 Khuyéch tan chat 6 nhiém tir nguon diém
cao trong diéu kién khong gid
* Phuong trinh trong h¢ toa do tru:
1 0 0 oC

oC
2O R Dk s (S(z—HY=0 (50
R o Rk g )tk oot Mooz - H) (50)

» Céc dicu kién bién:
* Khiz=0: k,odC/or =0
«KhiR?+ 7> >0 :C—0
» Su phan bo nong do 6 nhiém trén mit nam
ngang va co tinh doi ximg qua tAm nguon:
R =0:0C/or=0
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Nghiém cua phuong trinh (50)

arz)=— 2 A e ) R <D
27-5]([(]4_”) [ a H(l+n)/2 _Z(1+n)/2)2 n R} [ a H(1+n)/2 +Z(l+n)/2)2 n R]
4k,
‘T (1+n)’ (52)
Nong do trén mat dat:
C - M
* 2mk,(1+n)(aH"" + R)’ (53)
Néng do cuc dai trén mit dat (ta1 chan 6ng kho1 )
3
C = M (1 + n) (5 4)

- 3
" 32mk, HAM
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VI. Tinh toan nong do trung binh cua chat o
nhiem tren mat dat do cac nguon thai gay ra:
* H¢ sO trung binh rng v61 sO li€u tan suat va tan
suat lang g10:

k,=P(1-R,,) (2
P_ : tan suat gi6 trén huéng o
P.g: tan suat lang gio

m - S6 huéng gio thong thuong 1a 8
vo1 P, <lva)P, =1(a=1,.m)

lang
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Cong thirc xac dmh nong do trung binh theo
tan sudt gio:
. Négg do trung binh ngay dém cua chat 6
nhi€ém trén mat dat tai mot vi tri tinh toan nao
do moét nguodn thai thir 1 gay ra

Cotiy = Llang zang<z>+2 Cati (53)

» Nong do tong cong trung binh tai diém co toa
do x, y do n nguon thai gay

ny(tong) Z( lang lang(z) + (1 })lang )Z k (l)) (54)
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Cy(D): nong do trung binh ta1 vi tri c6 toa do
X, y do nguon thir 1 gay ra

C, (tong) nong do tong cong trung binh do n
nguon thai gay ra ta1 di€m tinh toan

lan (1) : Nong do tirc tho1 do nguon thai tha 1
gay ra tai diém tinh toan khi lang 210 (u = 0)

C,(1): Nong do tirc thot do nguon thai thir 1
iy ra tai diém tinh toan khi co gi6 thoi theo
hudng o ung V01 van toc gi6 trung binh trén
hu:()’ng do va do ¢ on dinh trung binh ctia khi
quyen trong suot khoang thoi gian tinh toan tri
sO trung binh (ngay dém, thang hoac nam)
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VII. Xdc dinh nong dé twong doi tong cong
tren mat dat do nhieu nguon diem cao gay ra:

. nong do thO’ng doi tong cOng cua nhiéu chat 6
nhiém cung ton tai dong thoi trong moi trudng
khong khi

—  C C C
C, = - 1 e d (55)
g0 Coo Corin

¢« C,C,,...,C, néng d6 thuc té do duoc hoic tinh
toan cua cac chat 6 nhiém 1,2,3,...,n, mg/m>.
* Cerry Ceta) 5+ > Cofny * €101 han nong do cho phep

cua ting chat 1, 2,...,n riéng bict
46



